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Available online 6 December 2009AbstractThe first discovery of Yamato Meteorites by an inland survey team of the Japanese Antarctic Research Expedition (JARE) in
1969 was reported by Yoshida et al. (1971). However, there are important events, issues, and data related to this discovery that have
so far not been published. Prior to the author’s departure for Antarctica, M. Gorai suggested the author to consider collecting
meteorites during the trip. On 21 December 1969, when geodetic measurements for the 250 km span of a triangulation chain were
approaching its completion, members of the inland survey team collected three stones on the surface of the ice sheet in the
southeastern marginal area of the Yamato Mountains. The author realized that these rocks were possibly meteorites, recalled the
suggestion by M. Gorai, and requested all members of the team to collect other possible meteorites while conducting the geodetic
survey. After returning to Japan, the nine stones collected in Antarctica were all identified as meteorites byM. Gorai. The concept of
a mechanism by which meteorites became concentrated in the area in which they were found, involving the flow, structure, and
ablation of the ice sheet, was developed in the field in 1969 during the collection program, and was mentioned briefly in Yoshida
et al. (1971); a schematic figure was shown in a Japanese newspaper in the same year. With all these as background, further
collections of meteorites in the Yamato Mountains were conducted in the 1973 and 1974e1975 seasons, and a project involving the
collection of meteorites was formally incorporated as an important component of the work undertaken by the geology group within
JARE from the 1975e1976 season onwards.
 2009 Elsevier B.V. and NIPR. All rights reserved.
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It was 40 years ago that the first Yamato Meteorites
were found, and the great importance of the discovery
has become apparent in the intervening years. However,
the details of this interesting event have so far not been* Compiled from a Special Lecture, 71st Annual Meteoritical
Society Meeting and Invited Talk at the Workshop on Antarctic
Meteorites, Matsue, July 2008.
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1873-9652/$ - see front matter  2009 Elsevier B.V. and NIPR. All rights
doi:10.1016/j.polar.2009.11.001published, except for one article which appeared in
a local journal in Japanese (Yoshida, 2003).
As is well known, the inland survey team of the
Japanese Antarctic Research Expedition (JARE)
collected nine meteorites in the southeastern marginal
ice field (this area was later named the Meteorite Ice
Field) of the Yamato Mountains in December 1969
(Yoshida et al., 1971). This was the first discovery of
Yamato Meteorites, and it led to subsequent searches
for meteorites in Antarctica that have resulted in
a huge collection (over 45,000 meteorites by 2009) and
prompted a dramatic development of planetary science.reserved.
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event in the history of science. For planetary science,
the discovery was as important as the first human
landing on the moon, which also took place in 1969
(e.g., Nagata, 1987).
It is worth recording what happened at the time of the
discovery, from the viewpoint of not only planetary
science, but also of the history of science, to ensure that
this event becomes common knowledge. The present
paper describes important events, issues, and data
related to the first discovery of the Yamato Meteorites,
which until now have been largely unknown.
2. Suggestions by eminent scientists in Japan to
members of the field team destined for the Yamato
Mountains, Antarctica
Just before departing for Antarctica, the author
visited the late Professor M. Gorai of the Tokyo
University of Education (Fig. 1), who was a member of
the Special Committee of Antarctic Research, Science
Council of Japan. The author offered to bring Prof.
Gorai some rocks from Antarctica as a gift. Prof. Gorai
said, ‘‘I am not currently interested in metamorphic
rocks from Antarctica; instead, please bring me a gift
of ultramafic rocks and/or meteorites.’’
Dr. Y. Kuroda, who was with us at the time of the
conversation, asked Prof. Gorai why he thought mete-
orites could be found in Antarctica. Gorai explained,
‘‘Because it is all white with snow-cover, and meteorites
will be easily found.’’ However, after the collected rocks
had been identified as meteorites, Gorai (1970, 1981)
wrote that his request to the author was a half-joke,Fig. 1. The late Prof. Masao Gorai at his home. From left to right:
Mrs. Gorai, Dr. K. Shuto, Prof. Gorai, and Dr. Y. Fujita. Dr. Shuto
took the photographs of the meteorites for the professor (photo
provided courtesy of Dr. Shuto).and that he did not really expect the author to find
meteorites.
Prof. Gorai was an accomplished petrologist with an
interest in the evolution of magma and the Earth;
consequently, his interests in those days were ultra-
mafic rocks and meteorites. During the inland tour in
Antarctica, the author had been looking for ultramafic
and/or meteorite rocks as a gift for Prof. Gorai, but
with part of the season gone had collected only a single
poor specimen. Prof. Gorai’s request encouraged the
author to collect more meteorites once the first possible
meteorites had been found.
Prior to departing for Antarctica, there occurred
another event in Japan related to the collection of
meteorites. Y. Ageta (hereafter Ageta), one of the field
team members who played an important role in the
collection of meteorites (as mentioned below), was
interested in the collection of cosmic dust during the
wintering in Antarctica and had read a Japanese book
‘‘Cosmic Dust andMeteorites’’ written by Dr. M. Shima
of the Physical and Chemical Research Institute of
Tokyo. Ageta visited Dr. Shima and talked with him
about collecting cosmic dust in Antarctica. On his own
initiative, Ageta collected cosmic dust during the
wintering, in addition to his glaciological research.
Given this background, Ageta was encouraged in his
endeavors once the first possible meteorites had been
collected in the field.
3. Discovery and collection of meteorites in the
Yamato Mountains
The inland survey team consisted of 10 members: 5
scientists (2 geologists, 2 glaciologists, and 1 geomor-
phologist) and 5 support crew (2 mechanics, 2 general
logistical aides, and 1 doctor) (Table 1, Fig. 2). The
major objective of the team was to install snow poles
over a 250 km span of triangulation chain (Fig. 3)with an
average distance of about 3 km on each side of the
triangles, with the aim of determining the flow and
accumulation/ablation of the surface of the ice sheet over
the course of several years of measurements of the pole
locations (Naruse et al., 1972). The placement of the
triangulation chain was conducted using the standard
operating procedure for fourth-order triangulation, as
used in Japan. The datum point of the triangulation chain
was chosen at a southeastern marginal nunatak within
the Yamato Mountains. The team departed Syowa
Station on 1 November 1969. After the triangulation
work (which also involved the collection of meteorites
during the last 10 days of the survey), the team con-
ducted a geoscientific survey of the mountains for 2
Table 1
Members of the Inland Survey Party (1969e1970).
<Scientists>
Hisao ANDO (35) Leader, Navigation, Seismic
survey, Geology
Masaru YOSHIDA (30) Geology, Gravity, Geomagnetics,
Geodesy
Kunio OMOTO (28) Altimetry, Ice radar, Astronomical
observations, Geomorphology, Radio
communications
Renji NARUSE (25) Snow and Ice, Altimetry, Geodesy
Yutaka AGETA (25) Snow and Ice, Navigation, Measurement
of very low frequency (VLF) of natural
radio waves
<Logistical Staff>
Shimpei ISHIWATA (38) Mechanic
Masamoto KIKKAWA (35)Doctor
Yukio KIMURA (30) Media, General logistics
Minoru YAGI (28) General logistics
Yuji MAEDA (28) Mechanic, Communications Fig. 3. Course of the inland survey, involving a 250 km triangulation
chain along 72S (zigzag line). Also shown are the Meteorite Ice
Field and the Yamato Mountains. Numbers in parentheses indicate
the month/date when the inland survey team visited each site during
late 1969 and early 1970.
274 M. Yoshida / Polar Science 3 (2010) 272e284weeks before returning to Syowa Station on 29 January
1970. The total duration of the inland survey tour was 90
days.
The triangulation survey was conducted by two
pairs of teams, with each team consisting of 2 or 3
people with one large KD (4 tons) or small KC
(1.5 tons) snow car. On 21 December 1969, we were
approaching a candidate location for the datum point
of the triangulation chain: Motoiwa, one of the
southeastern marginal nunataks within the Yamato
Mountains (Figs. 4 and 5). The daily work started in
the early morning: the teams in two snow cars con-
tacted each other by radiotelephone and then installed
snow poles, the locations of which were measured
from both sides. They then moved to the next instal-
lation point (geodetic point). M. Kikkawa (hereafterFig. 2. Members of the inland team 1969e1970. From left to right:
Ishiwata, Ageta, Maeda, Omoto, Yagi, Yoshida, Kikkawa, Naruse
(front), and Ando (back).Kikkawa) recorded in his field notes (Appendix 1) how
this work was performed:
Today the view is clear and geodetic measurements
are possible. We departed, after being cautioned
regarding the danger of crevasses. At 9:30, each car
proceeded to the relevant measuring points. We were
forced to backtrack at times when crevasses blocked
our path. . . . At 10:35, we arrived at point CV, avoiding
crevasses. We completed geodetic measurements at
point 145. The following KD608 [snow car] team
arrived shortly after, and we then moved on to point
OW, handing over the measurement work to the new
team. As such, the lead vehicle is always the KC car.Fig. 4. Yamato Mountains viewed from near the Meteorite Ice Field.
Equipment for the geodetic survey can be seen on the ice.
Fig. 5. Geodetic measurements at Motoiwa, the last geodetic station
of the triangulation.
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surveying, while driving to the next point just after
lunch, they found and collected the first Yamato
meteorite. Again, the event is recorded in Kikkawa’s
field notes: ‘‘. after driving for 300 m from CV,
R. Naruse [hereafter Naruse] found and collected
a massive black stone, possibly a meteorite.’’ Naruse
made a sketch of the find (Fig. 6) and observed that the
ice on which the meteorite was found was ‘‘blue ice or
depth-hoar ice with r¼0.7þ-?’’ and that ‘‘The ice here
is not in situ, but is probably glacier ice that has flowed
from inland areas (if so, then the ice is not from depth).
We dug down to about 20 cm depth, but found nothing
except ice. Only one isolated sample was found, as
shown in the figure.’’
At about the same time, another KC car team,
comprising Ageta and M. Yagi (hereafter Yagi), was
also collecting possible meteorites, as recorded in
Ageta’s field notes (Appendix 2): ‘‘From 10-76 point,
we progressed to the left-hand nunatak, toward 123300Fig. 6. Naruse’s field sketch of the occurrence of the No. 1from the line delineated from points 76 to X. After
driving for 800 meters, we came across a black stone
that resembled a pomegranate, and at about the 1.4 km
point, we found a stone that resembled feces. . . . The
two stones appeared to have just settled on the ice.’’
Ageta took photos of the stones (Fig. 7).
In the afternoon of the same day, the team members
assembled in front of the main snow car to review their
work. It was then that Naruse and Kikkawa showed
me (the author) a blackish stone of about 10 cm in
diameter and said, ‘‘Yoshida san, is this not a mete-
orite?’’ Soon after, Ageta and Yagi showed me the two
smaller, dark stones they had collected. I examined the
stones. The large one was covered by a fusion crust
and at first glance resembled volcanic ejecta; however,
its interior was nothing like volcanic ejecta. The two
stones found by the Ageta team resembled deformed
balls, covered by a shiny and somewhat heterogeneous
surface crust with glassy material. The crust of one
stone was partly broken, revealing the interior, which
was hollocrystalline, resembling ultramafic rock such
as peridotite.
If I had found these stones in a moraine field, I
would have cast them aside as specimens of no
interest; however, because they were handed to me to
examine as possible meteorites, in front of the entire
field team, I could not simply throw them away, and
I even hesitated to break them with my hammer to
inspect fresh surfaces, as I usually did when observing
rocks. My limited knowledge of meteorites as ‘‘hol-
locrystalline ultramafic rocks with fusion crust’’ sug-
gested that these stones were indeed meteorites. Both
the Naruse and Ageta teams reported that the stones
were found as isolated specimens upon white ice, as
mentioned above. I felt that more stones of this type
(hereafter referred to as ‘‘meteorites’’) would be
collected during our survey.meteorite (re-drawn by Yoshida from Naruse’s field).
Fig. 7. Occurrence of a meteorite upon the Meteorite Ice Field
(No. 3 meteorite in Table 2). Photograph by Ageta.
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Prof. Gorai in Japan, requesting ‘‘a gift of meteorites.’’
At this stage of the season, I had only managed to
collect one possible ultramafic rock as a gift, and I was
worried at the prospect of returning to Japan without
a suitable gift. I realized then that the ‘‘meteorites’’
would be a good gift for Prof. Gorai.Fig. 8. Location of meteorites found in December 1969 (corrected from figu
of meteorite sites are the same as those in Table 2. The locations for Nos. 4
Yoshida (2003) are deleted.I instructed the team members to collect these
possible meteorites whenever they were found. Actu-
ally this was a simple task, as we did not need to
perform a dedicated search for meteorites: we just
drove as usual and continued with the geodetic survey,
stopping to collect any stones that appeared in front of
the car. Because the triangulation survey was chal-
lenging and because it was important to complete this
task as well as to conduct the geoscientific work in the
Yamato Mountains, it would have been unwise to
spend additional time collecting meteorites.
During the following 10 days, representing the last
phase of the triangulation survey, we collected six
stones (in addition to the first three stones), all of
which resembled meteorites. A list of the meteorites
collected in the field and their locations, and photos
of all nine meteorites are provided in Table 2 and
Fig. 9.
The collection program appeared to have been an
attractive idea to members of the field team, as they
proved to be enthusiastic collaborators. The ‘‘meteor-
ites’’ were collected by the cooperation of all the team
members. The Ageta/Yagi team collected the largest
number (7 of the 9 samples), and Ageta kept good fieldres provided in Yoshida et al., 1971 and Yoshida, 2003). The numbers
, 6, 7, and 8 are corrected from previous maps, and Nos. 4 and 5 from
Table 2
Field list of meteorites collected in December 1969 (corrected from the list given in Yoshida, 2003).
Specimen numbera
(diameter)b
Member who reported
the find to Yoshida
Location recorded in
the field (magnetic north)
Description recorded by the collector. (Italics:
description recorded by Yoshida in the field)
1. 69122101 (10 cm) Naruse 300 m from A018 toward A016 Volcanic breccia-like, with pancake-like film
2. 69122102 (3 cm) Ageta 800 m from A013 toward Sachiko Carthaginian black stone. Haematite-like,
rounded with melted film
3. 69122103 (5 cm) Ageta 1.4 km from A013 toward Sachikoc Pomegranate-like stone. Peridotite-like rock
4. 69122203 Ageta 500 m north from A014 Black stone
5. 69122301 Yoshida & Ageta 6.3 km from A013 toward Mikatakc,
then toward A014 for 1.6 km
Black stone
6. 69122601 Ageta About 1.5 km northwest of A010 Black stone
7. 69122602 Ageta As above, within 1 m of 60122601 Black stone
8. 69122603 Ageta 500 m north of A010 Black stone
9. 69122901 Ageta 3 km northwest of A009,
then NE for 1 km
Black rock
a Numbers 1 and 3 refer to Nos. 1 and 2 in Fig. 9 and in Table 1 in Yoshida et al. (1971). Other meteorites are not referable with photos in Fig. 9.
b Rough estimate of the size when collected in the field.
c Sachiko and Mikatak are nicknames used in the field for two nunatak. They were later formally named Touchakuiwa and Motoiwa, respectively.
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team in the triangulation survey involved frequent trips
in a small snow car; consequently, they always had
a good chance of finding ‘‘meteorites.’’ Ageta’s
enthusiasm for the collection was stirred by his expe-
rience collecting cosmic dust at Syowa Station prior to
departing for the inland survey.
The nine collected ‘‘meteorites’’ were numbered.
I first tried to write the number directly on each ‘‘mete-
orite,’’ but found that they were too dark and that the
numbers were unreadable; therefore, only one large
sample was numbered directly. The remaining ‘‘mete-
orites’’ were numbered as follows. Several meteorites
were laid side-by-side and secured by wrapping with
packing tape around them, making something like
a chain. Three chains were made in this way and
numbered by writing on the tape using a felt-tip pen.
Fig. 10 shows an example of how this was done (not
showing the actual meteorites). The chains were placed
in a cloth bag and packed in an 18-liter tin container,
along with other rock samples. The container was
transported to Syowa Station by snow car, and thenName of rock sample Sample location
Magnetite?
Meteorite?
Langhovde
Volcanic ejecta?
Meteorite?
Eastern ice field of the Yamato Mountain
(Ablation area of the ice sheet)
Volcanic ejecta?
Meteorite? 69122101e03
Ibid
Syenite 70010633 C Group of the Yamato Mountains
Ultramafic rock 70010314 IV peak of A-Nunatak, Yamato Mts.shipped to Japan as it was, remaining closed during
transport.
4. Identification of meteorites in Japan and
subsequent events and reports
After returning to Japan in March 1970, I brought
the gift of ‘‘meteorites’’ to Prof. Gorai’s laboratory in
late June, along with the gift of some other rocks. As
Prof. Gorai was absent at the time, I left the gifts in the
laboratory, along with a note mentioning that the gifts
included possible meteorites, and then sent a letter
providing details of the gift rocks as follows (Appendix
3). (translated from Japanese, Appendix 3): ‘‘There is
one semi-ultramafic rock sample. Although I was trying
to collect ultramafic rocks for you, I found almost no
ultramafic rock and therefore no good ones are
included here. I am sorry for this. In addition to the
ultramafic rock, I have included some small stones
thought to be meteorites (or not?). I am ashamed of my
poor knowledge on this subject. I would be happy if
these specimens would be of any use in your research.’’Occurrence, etc.
Boulder collected by the icebreaker crew. It was reported
that there were no similar rocks in the surrounding area.
s. No morainic boulder was found in the surrounding area.
These isolated stones were found on the ice surface.
No morainic boulder was found in the surrounding area.
This isolated stone was found on the ice surface.
A typical rock of this area.
Intruded into granitic biotite gneiss, with a contamination
zone of several meters in width, and a 10-m-long pegmatite
intrusion along one side.
Fig. 9. Photographs of all the meteorites collected in 1969 (photos provided by M. Gorai). This figure is reproduced from Yoshida et al.
(1971).
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tioned the ‘‘meteorites.’’ He appeared to have gotten the
samples and had yet to examine them, so together we
opened the cloth bag and carefully examined the
‘‘meteorites.’’ Prof. Gorai told me that they were very
curious rocks (he used the uncommon Japanese word
getemono, which means ‘‘monstrously odd’’) and that he
would examine them later. At this time, we both felt it
likely that at least someof the sampleswouldbemeteorites.Afterward, Prof. Gorai weighed and photographed
all the ‘‘meteorites,’’ and prepared thin sections for
examination under the microscope. He then found that
all the stones were actually meteorites, and further-
more, were of different lithologies. Gorai promptly
sent me a telegram in early July, ‘‘All were found to be
meteorites!’’ and wrote a letter describing the results of
microscopic examinations and ideas on related matters
(Appendix 4):
Fig. 10. Example of how the meteorites were numbered before trans-
port to Japan (the stones shown are not the actual meteorites).
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have been found to be meteorites: all of them!
Indeed an astonishing event. . . . Among the rela-
tively large rocks you collected (Nos. 2, 3, 4, 5, 8 of
the photo plate), No. 3 is an achondrite and the
others are chondrites. The chondrites show differ-
ences in lithology. The remaining smaller rocks, for
which we are currently preparing thin sections, are
also possibly meteorites.
This is indeed a surprise. According to what you told
me, these meteorites were collected from a single
small area; however, it is impossible to imagine that
several meteorites with different lithologies would
occur together within such a small area of ordinary
land. Perhaps their occurrence is due to concen-
tration by a glacial process that worked to bring the
meteorites together from a much wider area. This is
indeed a natural ‘‘Meteorite Museum’’ that made
me extremely amazed and shocked.
The question of how research on these meteorites
should proceed will be considered later. The first task
of importance is to establish and organize the
conditions and data related to the discovery of
the meteorites. Furthermore, we must collect all of the
necessary data and information that may be useful in
explainingwhy such a strange phenomenon occurred.
I suspected that the stones may have been meteorites
when they were dispatched for the preparation of
thin sections. I was lucky and now feel at ease
because all of the stones were weighed and photo-
graphed before making thin sections, based on the
possibility that they were meteorites.I sent a letter in reply to Prof. Gorai (Appendix 5),
stating that ‘‘I also received your telegram about
a week back, when I understood that it would be
reasonable that one or two may be meteorites (this was
discussed in the field in Antarctica among the field team
members cited below). However, it is astonishing that
all of them are homeruns.’’ I also mentioned the
problems experienced in numbering the meteorites,
a possible mechanism of their concentration/occur-
rence, and a plan to publish a report in the Antarctic
Record, with a deadline of 15 August.
Through discussions with Prof. Gorai after the
samples had been identified as meteorites, I gradually
realized the importance of the discovery, and started
writing a report, focusing on the occurrence and
collection of the meteorites. It was quite a difficult work,
because the deadline for submission was less than
amonth away. This was my first attempt towrite a report
in English, and I was also preparing three other reports
related to geological activities carried out during
the wintering (a full one-year stay) in Antarctica.
The deadline for the meteorite report was extended by
several weeks due to the kind understanding of
Dr. K. Kusunoki, who was the leader of our 1969e1970
expedition. Thus, our report on the meteorite discovery,
alongwith three other reports, happily appeared together
in issue No. 39 of the Antarctic Record in January 1971.
While I was struggling to prepare these reports, Gorai
published a short one-page note titled ‘‘Meteorite
Museum in Antarctica’’ in a small Japanese newsletter
on petrology. In this note, he briefly mentioned related
events and future problems (Appendix 6; Gorai, 1970).
In January 1971, sometime before the publication of
our report on the meteorite discovery, Prof. Gorai
introduced me a reporter from the Akahata Newspaper
(the official newspaper of the Japanese Communists’
Party), and the discovery was reported in the news-
paper in late January of 1971 (Appendix 7, referenced
in the present report as Gorai and Yoshida, 1971), at
about the same time as our report was published in the
Antarctic Record (Yoshida et al., 1971).
The meteorites were then forwarded to the late Prof.
K. Yagi of Hokkaido University, who forwarded them
in turn to Dr. M. Shima, then at the Max-Plank Institute
for Chemistry in Mainz. In 1973, discovery of the
Yamato Meteorites was mentioned in a presentation at
the 36th International Meteoritical Society Meeting
held at Davos, Switzerland (Shima and Shima, 1973),
and the first scientific report on the geochemistry of
four Yamato-69 meteorites appeared in Earth and
Planetary Science Letters (Shima et al., 1973). These
publications had an immediate impact, encouraging
Table 3
Early events and reports related to the meteorite discovery.
Dec. 1969 Discovery of meteorites in the Yamato Mts.
Mar. 1970 Return from Antarctica
June 1970 Meteorites passed to Prof. Gorai
July 1970 Gorai’s telegram: ‘‘All are meteorites!’’
and initial discussions between Gorai and Yoshida.
July 1970 Meteorite collection was mentioned (in Japanese)
in the Wintering report compiled by H. Ando.
August 1970 Gorai’s short Japanese note ‘‘Meteorite Museum
in Antarctica’’ appeared in MAGMA
January 1971 Yoshida et al.’s report appeared in Antarctic Record
January 1971 An article on the discovery of meteorites
was published in the Akahata Newspaper
June 1973 Papers by Shima et al. and Hintenbesger et al.
appeared in EPSL
October 1975 First symposium on Yamato meteorites in Tokyo
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antarctic Mountains (e.g., Cassidy et al., 1977).
The late Em. Prof. Nagata (1987), who was then the
director of the National Institute of Polar Research,
relates the following story in an introductory to
a volume on Antarctic Meteorites:
I was surprised to see a paper by Shima et al.
(1973). I knew then that there was a high possibility
of many more meteorites being found in the ice field
of the Yamato Mountains, and realized the scientific
importance of Antarctic Meteorites. I then added, as
one of the formal research projects for JARE,
a project to search for and collect Antarctic Mete-
orites. This decision was forwarded to the inland
survey team of this year (1973) in the Yamato
Mountains, and to K. Yanai [hereafter Yanai], who
was already en route to Antarctica. Subsequently, 12
meteorites were collected by the K. Shiraishi
[hereafter Shiraishi] team in 1973, and 633 by the
Yanai team in the 1974e1975 season.
I remember that on one occasion, I was called by
Prof. Nagata to his director’s office and questioned on
our discovery and report of the meteorites. I explained
our discoveries to him, as well as the possible
concentration mechanism and my belief that many
more meteorites would be found on the ice fields of the
Yamato Mountains; I added, ‘‘This is all written in our
report.’’ Prof. Nagata appeared not to have understood
and to be unhappy with me, and dismissed me. I now
understand the reason for his unhappiness: he had
hoped that we would publish our findings in an inter-
national report, but he could not suggest this directly
because the Antarctic Record in which our report
appeared was the official journal of the institute.
The meteorite project was formally incorporated
into JARE in 1975, as far as I understand (see also
Yanai, 1981). Therefore, if Prof. Nagata had suggested
the collection of meteorites to Shiraishi (in 1973) and
Yanai (in 1974), these requests must have been
personal ones. I vaguely remember that the geology
group was bewildered by his request because they
hoped to concentrate on geological surveys alone. In
any case, the establishment of a formal meteorite
project was strongly advocated by Prof. Nagata.
The National Institute of Polar Research organized
a symposium on Yamato Meteorites in 1975; again,
possibly strongly supported by Prof. Nagata. After
1977, the symposium was conducted annually, even-
tually becoming a symposium on Antarctic Meteorites
in general and evolving into one of the most important
planetary science symposiums in the world. Table 3lists a chronology of these early events related to the
discovery of the Yamato Meteorites.
5. Problems regarding the locations of discovery,
number of samples, and numbering of meteorites
The locations where the original nine meteorites
were discovered are shown in Fig. 8, which is modified
from Yoshida et al. (1971) and Yoshida (2003).
A general description of this map is given below, fol-
lowed by an explanation of the modifications.
The base topographic map is derived from the map
in Yoshida et al. (1971). The 1971 map was compiled
at a scale of 1:70,000, with geodetic points determined
via the triangulation survey. It appeared as if the map
overall was very accurate; however, this was not the
case, especially regarding the topographic contours and
the locations of meteorite discoveries.
There were commonly discrepancies between notes
taken in the field and the summary of records made
later after compiling all the available data; thus, it was
not an easy task to construct the map. In addition, the
descriptions in the field notes are imprecise, as seen in
the above field notes recorded by Kikkawa and Ageta
(see Appendixes 1 and 2).
The main data used in compiling the map were the
triangulation points mentioned above, as all of these
were correct and sufficiently accurate in terms of both
horizontal location and altitude. The contours on the
map were drawn by hand, generally by observing
topographic features in the field with the naked eye,
because aerial photos, which were commonly used in
Japan when drawing contours upon a topographic map,
were unavailable.
The locations of meteorite discoveries mentioned
in field notes were deduced from the direction and
281M. Yoshida / Polar Science 3 (2010) 272e284driving distance of the snow car from triangulation
points. However, the snow cars did not always follow
straight paths: the condition of the snow/ice surface
and the presence of crevasses meant that the snow
cars occasionally diverted from their planned course.
In such a case, the recorded distance and direction
were inaccurate. The direction of the driving course
was generally determined by magnetic compass;
however, the compasses included an error of nearly
10.
There were two additional problems related to the
1971 map. The first was the plotting of some discovery
sites from Ageta’s field notes. Ageta used magnetic
north in his field notes. Because the magnetic anomaly
in the area is about 40 west, the north value should
have been corrected to 40 west from true north.
However, I mistakenly corrected his north to 40 east
from true north. As a result, three discovery points in
the 1971 map included the above mistakes (Nos. 4, 6,
7, and 8 in Table 2). The above mistakes are corrected
in Fig. 8; consequently, the locations of the three
discovery sites are very different from those in the
1971 map.
Another problem is related to the number of
meteorites and their numbering. According to all the
field data, as examined when preparing our 1971
report, 11 meteorites were collected; however, Prof.
Gorai’s photographic record clearly shows nine
meteorites. Because of this discrepancy, I deleted two
meteorite discoveries in writing our 1971 report,
considering that it would be problematic to address
this matter in the publication. However, in Yoshida
(2003), I dared to show all these data in a table and
the map, mentioning the mystery of two disappearing
meteorites, and that people could laugh at our
mistakes and then forgive us.
Later, I had the chance to talk with Dr. K. Shuto
(a former student of Prof. Gorai; see Fig. 1), who had
taken the photographs of the nine meteorites in 1970.
He clarified that there were only nine meteorites at that
time. I then precisely re-plotted the discovery sites,
referring to all the field data available at that time, and
found the possibility that the locations of discoveries
made by Ageta and Yoshida were duplicated. It is
possible that on several occasions we were together in
the same snow car in the field, found a meteorite(s)
together, but made separate records of the discovery. In
considering this possibility, I decided to delete my
discovery location from the new map, as my original
field notes regarding the location of meteorites, as used
in previous reports (Yoshida et al., 1971; Yoshida,
2003), had become lost.As mentioned above, only the No. 1 meteorite (see
Table 2) had been numbered in the field. Only a group
number (i.e., one number for three or four meteorites
held together with packing tape) had originally
been assigned to the remainder of the meteorites.
According to my notes, as left for Prof. Gorai along
with the meteorites themselves, these numbers were
69122101e69122303 which were arbitrarily attached
to three groups of meteorites. However, even these
numbers were largely unreadable. Furthermore, at that
time (in June/July 1970), Prof. Gorai and I did not take
much care in identifying the original numbering of the
meteorites. My letter to Gorai (Appendix 5) explains
the situation: ‘‘However, I am bewildered that the
numbers that I wrote were almost all gone (they were
written with felt-tip pen on the wrapping tapes of three
groups of stones). The bags in which the meteorites
were kept, and the pieces of packing tape that may still
be attached to the meteorites, may be important data
for estimating the numbers labeled to meteorite
samples. However, my understanding is that since the
localities are all within 10 km or so of each other, they
are all similar.’’
Because of this situation, among the approxi-
mately 1000 Antarctic Meteorites discovered by early
1975, it is only 7 of the 9 Yamato-1969 meteorites
that do not carry numbers on the meteorite distri-
bution map compiled by Yanai (1983). Only the
meteorites numbered 1 and 3 in Table 2 are labeled
on the map by Yanai (1983), as for these meteorites
we could reference their discovery sites to the actual
stones either using the discovery numbers recorded in
the field or referring a field photo.6. Concentration mechanism, prediction of future
discoveries, and start of the meteorite collection
project
Soon after the first discovery of possible meteorites
in the field, the concentration mechanism of meteorites
became a topic of interest to the inland team. I wrote
the following note in my letter to Prof. Gorai
(Appendix 5):
Regarding the concentration mechanism, I discussed
this point with other field team members, including
glaciologists, soon after the discovery. I consider the
mechanism to be the one shown in the figure below,
since the collection area is an area of bare ice
located downslope towards the Yamato Mountains.
[The letter contained a schematic figure similar to
that shown in Fig. 11; see Appendix 5.]
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concentration mechanism of meteorites, as follows: i)
the area close to the Yamato Mountains is an ablation
area due to the radiation heating effect of bare rocks,
and ii) glacial ice that flowed from the inland part of
the Antarctic continent is thrust upward due to the
barrier effect of the mountain range (as shown in the
figure). As a consequence of the above two effects, i)
old ice is exposed, and ii) stones (meteorites) included
in the ice become concentrated on the surface of the
ice, where only the ice is ablated.
This idea became a provisional model of the
concentration mechanism of meteorites in the Mete-
orite Ice Field. A draft figure describing the model was
sent in my reply letter to Prof. Gorai (as above), and
was re-drawn (Fig. 11) and published in the Akahata
Newspaper (Gorai and Yoshida, 1971; Appendix 7).
The general explanation of the concentration of
meteorites was as follows: ‘‘The glacier is constantly
moving and ice derived from inland areas is blocked by
the Yamato Mountains, thrust upward, and sublimes
from the surface, leaving behind meteorites. As such,
the meteorites were collected from very wide areas over
several thousands of years’’.
The above provisional model was only briefly
summarized in Yoshida et al.’s (1971) report as
follows, as the focus of the report was the discovery
itself: ‘‘The existence of these shear moraine belts
suggests that the movement and structure of ice sheet of
the area may account for the concentration of the
meteorites. High frequency of the distribution of
the meteorites may be thus explained in connection with
the movement and structure of the ice sheet.’’
Prof. Gorai was also very interested in the concen-
tration mechanism. His interest had been demonstratedFig. 11. Yoshida’s model of meteorite concentration, as publishin his letter sent to me in early July of 1970 (see
Appendix 4, which is cited in the text above) and in
a report written in Japanese (Gorai, 1970; Appendix 6).
He later formed an idea of two glacial flows, which he
showed to me while I was drafting the formal report for
the Antarctic Record in late 1970. Gorai’s idea was
later re-drawn in Yoshida (2003) (see Fig. 12, revised
after Yoshida, 2003).
Our provisional model (the original version is
shown in Appendix 5, followed by Gorai and Yoshida,
1971) was further elaborated in Yanai (1978) and
Nagata (1978), incorporating data on the flow and
ablation rates of the Meteorite Ice Field, as obtained
from glaciological research (Naruse, 1975, 1978;
Yokoyama, 1975). The models described in Yanai
(1978) and Nagata (1978) were basically the same as
that presented by Gorai and Yoshida (1971; Appendix
7). However, I have been interested in Prof. Gorai’s
two-glacier flow model, which seems more effective in
terms of collecting meteorites in an ice sheet area,
although the interaction of two glacial flows in this
way (Fig. 12) may appear odd from a glaciological
perspective.
Given the growing understanding of the mechanism
of concentration of meteorites, there naturally emerged
an expectation that many more meteorites would be
collected in the YamatoMountains, as stated by Yoshida
et al. (1971): ‘‘Because of the mechanism of concen-
tration of meteorites, it is possible that more meteorites
may be found in the area of bare ice to the east and
southeast of the Yamato Mountains. Even in the present
region, more meteorites may remain undiscovered.
From this viewpoint, there may be some other areas
where the ice structure is the same as the present region,
having a possibility of concentration of meteorites.’’ Ined in the Akahata Newspaper (Gorai and Yoshida, 1971).
Fig. 12. Gorai’s two-glacier flow model of meteorite concentration
in Antarctica. Meteorites on the ice surface are shown by solid
circles, and those buried in ice are shown by open circles. The figure
was drawn by Yoshida with reference to Gorai’s verbal descriptions,
and an original form appeared in Yoshida (2003).
283M. Yoshida / Polar Science 3 (2010) 272e284addition, Gorai and Yoshida (1971; Appendix 7) stated
that, ‘‘Because of the concentration mechanism
mentioned above, many more meteorites will be
collected if we intentionally search for them in the area.’’
Consequently, the topics regarding meteorite dis-
covery, concentration mechanisms, and the possibility
of future discoveries in the Yamato Mountains became
common knowledge among members of the JARE
geology group from early 1971 onwards.
Subsequently, the 1973 inland team, led by Shiraishi,
collected 12meteorites during their geological survey of
the Yamato Mountains. The next inland team (1974e
1975 season), led byYanai, changed theirmain objective
(after departure from Japan) from geological survey to
meteorite collection, encouraged by news of the
collection of meteorites by the preceding team (Yanai,
1981). The 1974e1975 team conducted a systematic
search for meteorites, and collected 633 specimens. A
meteorite collection program was then proposed and
carried out by the JAREgeology group during the 1975e
1976 season (Matsumoto, 1978). The 3-year joint Jap-
aneUS meteorite search project was established, con-
ducting their first survey in the TransantarcticMountains
in 1976 with successful results (Cassidy et al., 1977).
7. Summary
This paper provides details on events, issues,
and data related to the first discovery of YamatoMeteorites in 1969. The discovery of three meteorites
by JARE members during a geodetic survey on 21
December of that year was purely accidental. However,
the collection of additional meteorites during the
remainder of the season, as a side-project to the geodetic
survey, was intentional, as we realized the possibility
that the three initial stones were meteorites. Notable
events that occurred in Japan prior to the expedition
included meetings of two members of the inland team
with two eminent scientists, Prof. M. Gorai and Dr. M.
Shima, who suggested and encouraged the collection of
meteorites and cosmic dust in Antarctica had a positive
effect on collection efforts. As a result, nine possible
meteorites were collected and passed on to Prof. Gorai,
who confirmed that all nine were meteorites of varying
lithologies.
The mechanism of meteorite concentration, along
with the possibility of additional discoveries in the
future, was discussed by members of the field team
during the 1969 field survey, and a provisional model
of meteorite concentration was published as early as
1971, along with a prediction of future findings.
A common understanding of these ideas among
members of the JARE geology group encouraged them
to undertake expeditions to the Yamato Mountains to
collect meteorites in subsequent years.
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